Introduction {#S0001}
============

Clinical recovery protocols are indispensable, with the aim to encourage patients by improving their physical condition and restoring their willpower. Throughout the world, the clinical impact of enhanced recovery after surgery (ERAS) protocols for various major surgeries has been notable.[@CIT0001],[@CIT0002] However, the number of studies on the clinical use of ERAS protocols for pulmonary resection is limited, and most of the retrospective studies are based on experience.[@CIT0003]--[@CIT0005]

Compared to open thoracotomy, thoracoscopic segmentectomy or lobectomy (TSL) is less invasive as it involves less post-operative pain, a low complication rate, less time to begin ambulation, and early discharge of patients. Therefore, as a synergistic effect, improvement in patient performance during post-TSL recovery is better than expected compared to conventional thoracotomy. Salati et al, implemented a fast-track program after lobectomy, which was effective and safe because it reduced postoperative hospitalization without an increase in the readmission rate.[@CIT0003] Similarly, Khandhar et al, reported that ambulation of 250 feet within 1 hr of extubation after TSL led to low morbidity.[@CIT0004]

ERAS comprises four major factors and 24 core elements. When the efficacy of ERAS in postoperative recovery of patients was tangibly verified by evidence-based treatments, its worldwide reliance rapidly increased.[@CIT0005] In 2010, it was announced worldwide that ERAS could be used to improve short-term patient outcomes, including a reduction of postoperative complications, early discharge of patients and cost-effectiveness.[@CIT0006] However, it is impossible to achieve full compliance, and the mean compliance rate ranges from 60% to 80%.[@CIT0007]

In this retrospective study, we developed and implemented an ERAS protocol which included immediate ice cream intake postoperatively and subsequent early ambulation for patients who underwent TSL at a cancer-specific hospital in Japan.

Materials and methods {#S0002}
=====================

In this study, we retrospectively evaluated 500 patients from a single institution between January 2014 and September 2017. Of the original 503 patients, 3 who underwent thoracotomy conversion (0.6%) were excluded because of intraoperative bleeding. The final 500 patients were divided into two groups, 271 in Phase I ERAS and 229 in Phase II ERAS. [Table 1](#T0001){ref-type="table"} shows the relevant patient characteristics. The concept of ERAS was explained to the patients ([Table 2](#T0002){ref-type="table"}). The institutional review board at the Aichi Cancer Center, Aichi Prefecture, Japan, approved the study. All protocols were performed in accordance with the relevant local guidelines. Written informed consent was obtained from all eligible patients. Patients underwent TSL with systemic lymph node dissection and sampling.Table 1Patient characteristicsVariablesPhase I (n=271)Phase II (n=229)*p*Age (years)66 (19--87)67 (16--88)0.14Gender (Male/Female)133/139109/1190.81Smoke (pack/year)20.7±29.821.7±30.60.59BMI (kg/mm^2^)22.4±3.922.1±3.20.56Histology (LC/MT/Benign)233/37/2203/21/40.29Operative time (mins)218.9±66.9204.3±53.2\<0.01\*Bleeding (mL)32.2±107.823.7±39.00.83Respiratory function%Vital capacity101.2±14.399.3±13.70.12FEV% in 1 s79.2±7.678.0±8.80.10ProceduresSegmentectomy/lobectomy89/18384/1440.34Any preoperative ComorbidityCardiovascular17 (6.3)15 (6.6)0.88Pulmonary25 (9.)24 (10.5)0.62Diabetes26 (9.6)30 (13.2)0.20[^1] Table 2ERAS society guidelinesPostoperative elementsPeriodsPhase IPhase IIEarly mobilization1 PODOn the dayEarly intake of oral fluids and solidsOn the day\
±ice creamOn the day\
+ice creamEarly removal of urinary catheters and intravenous fluids1 PODOn the dayUse of chewing gums and laxatives and peripheral opioid-blocking agents (when using opioids)NoNoIntake of protein and energy-rich nutritional supplementsDietDietMultimodal approach to control opioid-sparing pain controlYesYesMultimodal approach to control nausea and vomitingYesYesPrepare for early dischargeYesYesAudit of outcomes and process in multiprofessional, multidisciplinary team on a regular basisDoctor and Nursing staffsYes[^2]

Our TSL was performed using an upside-down monitor setting with four ports.[@CIT0008] Postoperative pain was managed using a multimodal analgesic regimen, including a single intercostal nerve block (ICB) and oral nonsteroidal anti-inflammatory drugs and weak opioids, as reported in the previous studies.[@CIT0009] Immediately after surgery, the patients were forced to ingest fat-rich (16.3 g/piece) vanilla ice cream (Häagen-Dazs and Meiji, both Tokyo, Japan) in order to determine the presence of chylothorax after having eaten more than the quantity that was equal to low fat diet (6 mg per one meal during a day). The judgment of postoperative complications was evaluated according to the report of Clavien--Dindo classification.[@CIT0010]

Phase I ERAS {#S0002-S2001}
------------

On the basis of ERAS Society guidelines, we established the Phase I ERAS protocol, depending on compliance with the postoperative elements specified in the guidelines. Phase I fulfilled six elements (66.7%), managed with surgeons only ([Table 2](#T0002){ref-type="table"}).[@CIT0006] The patients rested in the recovery room for 20 mins after extubation and were then transferred to the thoracic surgery-specific ward. Immediately after recovery from anesthesia, the patients were not allowed any water in order to examine whether recurrent nerve paralysis developed. The patients were made to walk on the following day after surgery.

Phase II ERAS {#S0002-S2002}
-------------

After reviewing the patient outcomes in Phase I and referring to published, successful ERAS protocols, we developed the Phase II ERAS protocol, depending on compliance with criteria of preadmission patient education and post-operative elements. Phase II fulfilled all elements (100%), managed jointly with surgeons, the nursing staff and a couple of experts ([Table 2](#T0002){ref-type="table"}). In addition, we experienced a postoperative chylothorax after thoracoscopic wedge resection, and succeed in prevention using preoperative ice cream intake.[@CIT0011] The patients were educated on the Phase II ERAS protocol, emphasizing the brief perioperative management based on Phase I analyses and focussing on improving patients' psychological stability and physical mobility. In contrast to Phase I, however, within 0.5 hrs after ice cream intake after evaluating whether patients were examined recurrent nerve paralysis or not at the thoracic surgery-specific ward, the patients were asked to stand up by the bedside and, if possible, walk around the thoracic surgery-specific ward for 10 mins always accompanied by thoracic surgeons and the nursing staff within 4 hrs after extubation. After early ambulation, the chest drainage tube was removed in the absence of air leakage, bleeding and chylothorax and drainage ≤100 mL within 4 hrs after extubation. We enforced the drain tube removal under the condition of fat more than 6.0 g from ice cream or from diet on post-operative day. In addition, the urinary catheter was removal and intravenous crystalloid administration discontinued. After discharge, the patients were re-educated on the ERAS protocol, and institutional informational pamphlets containing brief programs with a focus on retrieving the preoperative quality of life were distributed.

Statistical analyses {#S0002-S2003}
--------------------

All computations were done using standard SPSS v17.0 software (SPSS Inc., IBM, Chicago, IL, USA). Mann--Whitney *U* tests were used to compare the two groups of patients. The Cox proportional hazards regression model was used to perform univariate and multivariate analyses of potential correlates of early discharge of patients. Hazard ratios and median survival rates were presented with 95% confidence intervals (CIs). *p*\<0.05 was considered statistically significant.

Results {#S0003}
=======

In this study, the mean operation time was 212.3 mins (range: 55--487 mins) and the mean blood loss was 28.3 g (range: 0--1670 g); we found no 90-day mortality. These findings were compatible with previous studies reporting best post-TSL performance in Japan.[@CIT0008] Phase II showed a shorter operative time compared to Phase I, which was statistically significant (*p*\<0.01) ([Table 1](#T0001){ref-type="table"}). Chronic preoperative comorbidities (eg, chronic cardiac conditions, diabetes, smoking status, and pulmonary disorder) were equally represented in the two phases.

The mean ice cream intake was significantly higher in Phase II (81.6%; fat: 13.3 g) than in Phase I (56.1%; fat: 9.1 g) as was the mean feeding (39.4% vs 21.5%). In both phases, the mean numerical rating scale (NRS) score was higher on ambulation (2.75±1.98) than at rest (1.84±1.45) (*p*\<0.01), and the mean NRS score on ambulation was equivalent in both Phase II and Phase I (2.84±1.75 vs 2.64±2.22; *p*=0.03). We did not record the morphine consumption in both phases; also studies have shown that postoperative administration of weak opioids, such as tramadol, is clinically considerable for patients undergoing TSL.[@CIT0009] The percentage of tramadol use was equivalent in Phase II and Phase I (40.3% vs 37.7%; *p*=0.57). In Phase II, 91.2% and 94.0% of the patients were able to ambulate on the day of surgery within 4 and 6 hrs of ice cream intake.

The percentage of major postoperative complications (Clavien--Dindo III--IV classification) was equivalent in both phases, while minor postoperative complications (Clavien--Dindo I--II classification) were lower in Phase II (3.1%) compared to Phase I (10.4%) but without statistical significance (*p*=0.08; [Table 3](#T0003){ref-type="table"}).[@CIT0012] The rate of readmission within 90 days of surgery was the same in both phases ([Table 3](#T0003){ref-type="table"}). In addition, early ambulation contributed significantly to the reduction of chest drainage duration (Phase I, 1.4 days; Phase II, 0.4 days; *p*\<0.01) and postoperative hospitalization (Phase I, 4.8 days; Phase II, 3.8 days; *p*\<0.01).Table 3Short-term (30-day) morbidity of patientsCharacteristicPhase I (n=271)Phase II (n=229)*p*Any complications (%)19 (7.0)11 (4.8)0.31Minor (Clavien-Dingo I--II)16 (5.9)7 (3.1)0.08Tachyarrhythmia7 (2.6)0 (0)Prolonged air leak (\>7 days)4 (1.5)0 (0)Atelectasis1 (0.4)1 (0.4)Surgical site infection0 (0)2 (0.9) *Clostridium difficile* colitis1 (0.4)1 (0.4)Others^a^3 (1.1)3 (1.3)Major (Clavien-Dingo III--IV)3 (1.1)4 (1.8)0.33Pneumothorax requiring drainage2 (0.7)3 (1.3)Chylothorax requiring drainage1 (0.4)0 (0)Pleural effusion requiring drainage0 (0)1 (0.4)Mortality0 (0)0 (0)--Readmission4 (1.5)3 (1.3)0.88[^3]

Univariate and multivariate analyses of potential correlates of early discharge of patients without postoperative complications, ice cream intake and removal of the chest drainage tube on the day of surgery statistically affected the early discharge of patients (≤3 days hospitalization postoperatively; [Table 4](#T0004){ref-type="table"}). We classified ice cream intake (n=321) into three categories according to fat consumption, as follows: Low (less than 6.0 g, n=22), Medium (6.1 to 12.0 g; n=64), and Large (more than 12.0 g; n=208). The percentages of removal of drainage tube within 24 hrs was not significant (*p*=0.18), and those after Small, Medium, and Large were as follows: 87.8%, 96.9%, and 90.9%, respectively. The significant differences between Small and Medium were found, but not between Medium and Large in those within 4--6 hrs of ice cream intake (*p*\<0.01 and *p*=0.79, respectively) ([Figure 1](#F0001){ref-type="fig"}).Table 4Univariate and multivariate analyses for ≤3 days' hospitalization after surgeryUnivariate analysisMultivariate analysis*pp*HR\
(95% CI)Age (equal or less than 60 years old)0.53Gender (male)0.20Smoking (S.I \>800)0.110.220.76 (0.48--1.19)BMI (\>24)0.45Any comorbidity0.83Procedures (Segmentectomy)0.040.251.28 (0.84--1.94)Lymphadenectomy (vs Sampling)0.63Operative time (equal or less than 180 mins)\<0.010.111.43 (0.93--2.21)Bleeding/Weight ×10^3^\<10.040.271.44 (0.75--2.76)Ambulation (yes)\<0.010.290.73 (0.40--1.31)Ice (more than half)\<0.010.031.80 (1.07--3.03)Light pain (NRS \<3) on ambulation0.43The removal of drainage tube (\<1 day)0.04\<0.012.90 (1.68--4.96)[^4] Figure 1Removal of the drainage tube within 4--6 hrs (the black bar area), within 24 hrs (the gray-dotted area), and after two or more postoperative days (the gray area). \*A *p*-value \<0.05 was considered significant.

Discussion {#S0004}
==========

Our multidisciplinary, evidence-based, enhanced ERAS protocol for patients undergoing TSL led to a reduction of chest drainage duration and hospitalization postoperatively but not the readmission rate. ERAS program developers, with a decade of experience and abundant data accumulation, need to ensure that common compliances are shared. Compliance with 70--80% or more of the ERAS protocol elements seems important to improve patient outcomes.[@CIT0005] In this retrospective study, we examined patient outcomes after implementation of our ERAS protocol and hypothesized that immediate ice cream intake postoperatively and early ambulation within 4--6 hrs of ice cream intake are associated with early removal of the chest drainage tube, consequently followed by early discharge of patients.

Early ambulation within 24 hrs is beneficial in terms of early discharge of patients and low morbidity[@CIT0005] Das-Neves-Pereira reported that early ambulation after lobectomy was possible in 99 patients (90.4%) but not in 10 patients (9.6%) -- early ambulation was defined as the patient starting ambulation before the first postoperative hour.[@CIT0012] One reason for this improvement in the rate of ambulation could be that hypnosis due to anesthesia decreases with the progress of the time. In our study, too, the patients could not ambulate within 4 hrs because of nausea (n=7, 36.8%), hypnosis (n=6, 31.6%), orthostatic hypotension (n=5, 26.3%), and bleeding (n=1, 5.3%).

In this study, the patients were discharged by POD 3, similar to other studies.[@CIT0012],[@CIT0013] Decreased hospitalization is a necessary condition for patients doing better and is enough to fulfill discharge criteria sooner. In contrast, studies have shown that because of the selection bias associated with several non-clinical factors (the attending physician's preference, patient anxiety and distress, insurance system, etc.), the length of hospitalization does not reflect the efficacy of ERAS.[@CIT0014] A Brazilian report showed that by fast-track rehabilitation, \>90% of the patients who underwent lung cancer lobectomy were discharged by POD 2. However, few studies have focused on patient psychology, especially in lung resection. We feel it will be possible to realize 1-day hospitalization after lung resection by accumulating promising patient data.

ERAS protocols can reduce postoperative complications by 10--20% or more by supporting institutes in the adoption of evidence-based care.[@CIT0015],[@CIT0016] In addition, thoracoscopy is associated with the reduction of postoperative complications, which are related to increased hospitalization.[@CIT0017] Some retrospective single-institute studies have reported decreased hospital costs and fewer postoperative complications with thoracoscopy lobectomy compared to thoracotomy lobectomy. In our study, the percentage of minor postoperative complications (Clavien--Dindo I--II classification) was less in Phase II compared to Phase I. This difference was compatible with previous data of different organs.[@CIT0004],[@CIT0005],[@CIT0011] Khandhar et al, reported that in patients who underwent thoracoscopy lobectomy, early postoperative ambulation is feasible and is considered key in achieving low morbidity (pneumonia in 0.7% and atrial fibrillation in 4.0% of the patients).[@CIT0004] The surgeon's technical development and patient recovery due to early ambulation should be associated with short-term patient outcomes.

Immediate ice cream intake postoperatively can lead to the removal of the chest drainage tube on the day of surgery and is significantly related to the early discharge of patients. In other words, the cold environment in the oral cavity relaxes breathing.[@CIT0018] It is indispensable to verify no chylothorax. In Phase I, it was a problem that there were few patients who could ingest enough fat by meal to remove the drainage tube. Ice cream is usually provided for the patients with anorexia after chemotherapy or cancer cachexia in our cancer-specific hospital. Phase II ERAS was made in reference to this information, and the percentages removal of drainage tube within 4--6 hrs and 24 hrs after ice cream intake successfully resulted in 60.3% and 91.6%, respectively ([Figure 1](#F0001){ref-type="fig"}). Additionally, after early ambulation, those percentages in Phase II only rose more in 78.2% and 93.3%, respectively. A previous retrospective study has revealed that the chest drainage volume is not associated with increased morbidity when the chest drainage tube is removed on POD 1.[@CIT0019] In this study, a chest drainage tube was required because of pleural effusion after early removal in one patient (0.2%) during hospitalization and in four patients (0.8%) 90 days after TLS.

In this study, the mild to severe pain on ambulation (NRS score \>4) could not affect early discharge of patients. Reduction of pain-related postoperative complications and speedy recovery are indispensable for ERAS implementation.[@CIT0020] In a previous study, we reported that the incidence of mild pain was 75.6% on post-TS ambulation, and we managed acute postthoracoscopic pain with intraoperative use of a single-shot ICB and postoperative use of tramadol.[@CIT0009],[@CIT0021] Wurnig et al, reported that compared to thoracic epidural anesthesia and a paravertebral block, an ICB seems to offer poorer pain control, yet it is favored for its lower incidence of adverse events.[@CIT0022] Multimodal analgesic management should contribute to ERAS post-TS because of analgesic efficacy and fewer side effects.

This study had a few limitations. Firstly, although the two groups were comparable and uniform with little differences, the clinical data were from a single institute. Secondly, we excluded three patients because of thoracotomy conversion due to intraoperative bleeding (2/273 \[0.74%\] patients from Phase I and 1/230 \[0.43%\] patients from Phase II); however, we still had a relatively large sample. Thirdly, the self-produced nature of our ERAS protocol might potentially result in selection bias. The before-and-after design did not comply with conventional ERAS criteria and depended on information analyses based on our clinical results. Fortunately, the balanced and invariable patient characteristics might ensure more efficient use of our ERAS protocol. Fourthly, the rate of complications in this study might be less compared to other studies, because, sometimes, patients were referred to affiliated community hospitals rather than our institution.[@CIT0004],[@CIT0005],[@CIT0010] However, surgical outcomes in this study seem compatible with those from a similar TS surgical system setting in Japan.[@CIT0008] Fifthly, the mean operative time was shorter in Phase I than that in Phase II. This seemed to be a relevant bias for this study. It is true that the accumulation of surgical experience showed shortening of the operative time. However, there was no significant difference in the incidence of post-operative complications between Phase I and Phase II. Therefore, we subjected to only the patients with no complications. By multi-variate analyses, the operative time did not influence the ≤3 days' hospitalization after surgery in the patients with no complications. Since, we perceived that it was not more likely to be a relevant bias.

Conclusions {#S0005}
===========

ERAS can be used to improve short-term patient outcomes, including a reduction of postoperative complications, and hospitalization. Immediate ice cream intake and early ambulation within 4 hrs of ice cream intake are associated with early removal of the chest drainage tube, consequently followed by early discharge of patients. Multicenter and prospective randomized studies following quasi-unified ERAS protocols should be conducted in routine clinical practice so that it becomes possible to realize 1-day hospitalization after lung resection.

We concluded that immediate ice cream intake post-operatively and early ambulation within 4 hrs of ice cream intake are associated with early removal of the chest drainage tube inserted due to chylothorax, consequently followed by early discharge of patients.
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[^1]: **Note:** \**p*\<0.05.

    **Abbreviations:** BMI, body mass index; LC, lung cancer; MT, metastasized tumor; FEV1, forced expiratory volume in 1 s.

[^2]: **Abbreviations:** ERAS, enhanced recovery after surgery; POD, postoperative day.

[^3]: **Notes:** ^a^ Phase I includes delirium, temporary (reversible) paralysis of the recurrent nerve and chest wall bleeding. Phase II includes *Clostridium difficile* colitis, acute laryngitis, and thrombosis at the stump of the left upper superior vein.

[^4]: **Abbreviations:** BMI, body mass index; NRS, numerical rating scale.
